Background: Heparin-induced thrombocytopenia (HIT) is a potentially life-threatening complication of heparin anticoagulation. Recently, infection has been implicated in the development of HIT. Case presentation: We herein present a case of HIT diagnosed by a repeated functional assay. A 67-year-old female with diabetic nephropathy was admitted to our hospital with hypoxemia caused by volume overload. Due to her diuretic-resistant condition, dialysis therapy anticoagulated with low-molecular-weight heparin (LMWH) was initiated. The coagulation of the whole extracorporeal blood circuit occurred on day 13. Methicillin-susceptible Staphylococcus aureus (MSSA) bacteremia derived from a catheter-related bloodstream infection (CRBSI) was detected on day 15. Based on the hypercoagulable state due to infection, we increased the heparin dose during dialysis therapy; however, coagulation of the dialysis circuit persisted. We suspected HIT on day 17 in spite of a normal platelet count and performed a functional assay, which was negative. Since thrombocytopenia subsequently developed, the functional assay was repeated and a positive result was obtained on day 27, which definitely established a diagnosis of HIT. Conclusions: Based on the present clinical course, MSSA bacteremia appears to have contributed to the pathogenesis of HIT.
Background
Heparin-induced thrombocytopenia (HIT) is a potentially critical complication of heparin therapy which results in thromboembolism. The HIT antibody test is frequently used to make a diagnosis. However, due to the relatively high rate of false-positive results, careful evaluations of clinical features and laboratory examinations are necessary. Therefore, a diagnosis of HIT is challenging, and the availability of functional assays is indicated. We herein present a case of HIT triggered by MSSA bacteremia. A functional assay exhibited the ability to explain the complex pathophysiology and interpret the relationship between HIT and infection.
Case presentation
A 67-year-old female with a previous medical history of diabetic nephropathy was referred to our hospital with progressive shortness of breath. Her medical history included type 2 diabetes mellitus, hypertension, and dyslipidemia, but no history of heparin administration. Her medication regimen consisted of amlodipine 10 mg, cilnidipine 20 mg, telmisartan 80 mg, furosemide 60 mg, rosuvastatin 5 mg, and febuxostat 20 mg per day. She was afebrile and hemodynamically stable. She had tachypnea and SpO2 in room air was 74 %. A physical examination revealed a gallop rhythm, wheezing on chest auscultation, and prominent pitting edema on the legs. Chest X-ray showed the marked enlargement of a cardiac shadow and bilateral pleural effusion. Laboratory tests revealed severe renal impairment, and her platelet count (Plt) was normal at 232,000/μl (Table 1) . We diagnosed the patient as having respiratory failure due to volume overload, and an intravenous bolus injection of furosemide 100 mg was administered with no effect. A drip infusion of carperitide and oral tolvaptan at 15 mg/day were added. However, since her condition did not improve, hemodialysis (HD) therapy anticoagulated with LMWH was initiated on day 3 (Plt 220,000/μl, the first day of heparin exposure) through the dialysis catheter in the right internal jugular vein. During non-dialysis periods, the catheter cavity was locked with unfractionated heparin (UFH). After the initiation of HD, dyspnea gradually resolved, whereas renal dysfunction worsened. On day 13, the blood circuit of HD was completely coagulated within 1 h (Plt 310,000/μl, the 11th day of heparin exposure). Since she became febrile on day 15, empirical intravenous vancomycin for catheterrelated bloodstream infection (CRBSI) was started. CRBSI was established based on the positive results of a blood culture for MSSA. On day 16, she developed back pain. Lumbar MRI revealed pyogenic spondylitis due to CRBSI. On day 16, the dialysis circuit was completely coagulated just after the initiation of HD. On the same day, the dialysis catheter in the right jugular vein was removed for CRBSI. The complete coagulation of the dialysis circuit on days 13 and 16 was attributed to the hypercoagulable state derived from infection and not by HIT due to the normal platelet count. A new dialysis catheter was placed in the left internal jugular vein because right internal jugular vein thrombosis was detected. A UFH of 10,000 U/24 h was administrated systemically against right internal jugular vein thrombosis. On day 17, the complete coagulation of the dialysis circuit was detected though the systemic administration of UFH and an intravenous bolus (750 U) of continuous LMWH (450 U/h) for HD. Because the case in which manifestation of HIT-related thrombosis prior to a decrease in the platelet count is reported, all forms of heparin including the locking of the dialysis catheter lumen were stopped on day 20. On day 21, HD was accomplished through anticoagulation with nafamostat mesilate. HIT was strongly suspected, and the systemic administration of adjusted argatroban was initiated. On day 23, a positive result for the HIT antigen assay (latex agglutination assay) was obtained for a blood specimen collected on day 17 (optical density 2.0 U/ml, normal <1 U/ml). In order to make a definite diagnosis, blood specimens on day 17 (15th day after exposure to heparin) and day 27 (25th day after exposure to heparin) were examined by a functional assay (washed platelet activation assay) [1] , and a negative result was obtained for the specimen collected on day 17, whereas the result was positive for that on day 27. The platelet count normalized to 170,000/μl, and warfarin was added to argatroban on day 28. There was no sign of thrombosis, except for thrombus in the right internal jugular vein. Renal dysfunction improved slowly following the withdrawal of HD therapy. Regarding pyogenic spondylitis, cefazolin and minomycin were administered 8 weeks after the confirmation of a negative blood culture result.
Discussion
HIT is a thrombotic immune-mediated response to UFH, LMWH, and other polyanions [2] . Regarding the mechanisms underlying the development of HIT, platelet factor 4 (PF4) is released on the platelet membrane and into the bloodstream from the alpha granules of platelets. PF4 is positively charged and may combine with administered heparin to form a PF4/heparin complex. This complex was previously reported to be formed in vitro at molar ratios of heparin to PF4 of 1:1 to 1:4 [3, 4] .
The PF4/heparin complex is recognized as an antigen, and a PF4/heparin complex antibody (HIT antibody) is produced, which forms an immune complex with the PF4-haparin complex; the Fc region of the HIT antibody combines with the FcγIIa receptor on the platelet membrane, which activates platelets and induces thrombocytopenia [5] . A previous study reported that IgM, IgA, and IgG were almost simultaneously elevated around the fifth day after the exposure of HIT patients to heparin; however, only IgG exhibited an activation capacity for platelets, monocytes, and vascular endothelial cells and may be involved in the pathogenesis of HIT [6] . In the case of intrinsic immune responses, IgM is produced, a class switch is then stimulated, and IgG increases 2 weeks later; therefore, the HIT IgG response is considered to be atypical [7] . The production of pathogenic HIT IgG has been proposed as a misdirection of the immune defense system against negatively charged microorganisms. When bacterial infection occurs in the human body, platelets are activated and release positively charged PF4. PF4 binds charge dependently to various bacteria including Staphylococcus aureus [8] . Especially in gram-negative bacteria, PF4 combines with lipid A and forms a PF4/bacteria complex [9] . Also PF4 binds to nucleic acids generated from breakdown of bacteria and viruses, tissue damage, cell apoptosis, and the release from blood cells such as the formation of neutrophil extracellular traps [10] . IgG against the PF4/bacteria complex has a defensive function such as the promotion of opsonization against bacteria and also combines with the PF4/heparin complex. In other words, when bacterial infection occurs, a PF4/bacteria complex similar to the PF4/heparin complex is formed, thereby exposing the PF4/heparin-like epitope recognized by antibodies which is induced in patients during heparin treatments. This theory may explain the formation of HIT IgG after approximately 5 days in the early period. In rare cases, HIT was recently shown to develop incidentally among patients with no history of heparin administration [8] . These patients had auto-immune diseases such as SLE and/or recent microbial infection. HIT is diagnosed by integrating clinical features and the results of laboratory examinations. The 4Ts score is typically utilized in a clinical diagnosis (Table 2 ) [11] . The 4Ts score has a prior requirement of thrombocytopenia; however, a previous study reported that 25% of HIT patients developed thrombosis 1 to 2 days earlier than thrombocytopenia [12] , and its positive predictive value was relatively low [13] . Antigen and functional assays are used to make the serological diagnosis of HIT. The antigen assay measures an antigen of the PF4/heparin complex and PF4/heparin antibody levels. Although antigen assay is highly sensitive, its specificity is limited by the detection of HIT IgG in patients who do not have HIT or non-pathogenic IgM or IgA [14] . The optimal density (OD) values of enzyme immunoassays may be used to increase specificity; when the OD value is markedly higher than the cut-off value, the possibility of HIT is high [15] . A functional assay is more specific than an enzyme immunoassay for clinically relevant antibodies (capability of activating platelets), but is not widely available. Functional assays exhibit excellent sensitivity and specificity [16, 17] .
In the present case, when the hypercoagulable state was observed, a negative functional assay result, slightly positive OD value, and the absence of accompanying thrombocytopenia essentially ruled out HIT on day 17 (15 days after exposure to heparin). The cause of the hypercoagulable state may have been CRBSI by MSSA. A HIT functional assay conducted on day 27 (25 days after exposure to heparin) was positive, resulting in a definite diagnosis of HIT. We consider HIT to have developed around day 21 (19th day of exposure to heparin) because thrombocytopenia was retrospectively observed in that period (Fig. 1) . Since HIT typically develops 5 to 14 days after the administration of heparin, its onset was slightly later in the present case. MSSA bacteremia may have played a role in this discrepancy in latency. In spite of the administration of heparin, the pathogenic antigen of the PF4/heparin complex was not present; MSSA bacteremia triggered exposure of the pathogenic antigen through mechanisms such as the activation of platelets, a change in the PF4/heparin ratio, and the formation of the MSSA/PF4 complex. This hypothesis may explain why a diagnosis of HIT was established approximately 1 week after MSSA bacteremia. And this hypothesis is similar to the mechanism of "resetting the clock", in which HIT may develop independently of the typical time frame following recent catheter or surgical interventions [18] . For example, a previous study reported Total score ≤3 low probability of HIT, 4-5 intermediate probability of HIT, ≥6 high probability of HIT that a patient receiving dialysis therapy for 9 years developed HIT for the first time 5~14 days after surgery [19] . Therefore, more PF4 and nucleic acid may be released from platelets and damaged tissues due to catheter or surgical interventions, resulting in changes in the PF4/ heparin ratio and/or form PF4/nucleic acid complexes, which predisposes a patient to HIT.
Conclusions
We encountered a case of HIT diagnosed by a repeated functional assay. Recent advances have been achieved in understanding the pathophysiology of HIT, particularly in the relationship between HIT and infection. To the best of our knowledge, this is the first case report to focus on the relationship between infection and the development of HIT, as proven using a repeated functional assay. 
